Food habits of the swamp deer (Rucervus duvaucelii duvaucelii) were studied in and around Jhilmil Jheel Conservation Reserve (JJCR), Uttarakhand, for two years. This population (320 in number) was recently rediscovered in the state (2005) and warranted an ecological study because the habitat around this study area is heavily fragmented due to expansion of agriculture, habitation, and various other land use practices. Therefore, this study was initiated by the major objective of studying seasonal variation in food habits of swamp deer. Proportionate food consumption was studied using feeding quadrat method. The study reveals that the overall diet of swamp deer consisted mainly of graminoids (grasses and sedges) and herbs (terrestrial and aquatic). In the protected areas studied earlier, the swamp deer habitat was dominated by grasses, and hence they were reported to be predominantly a grazer who occasionally fed on aquatic plants (Schaller 1967 and others). In contrast, at Jhilmil, the area also has equal presence of other plant types namely, sedges and terrestrial herbs. This resulted in polyphagous feeding habit of animal here.
Introduction
Swamp deer (Rucervus duvaucelii duvaucelii) also known as the Barasingha lives in the swampy grasslands and floodplains of Indian subcontinent [1] . It is currently found in isolated localities in north and central India and southwestern Nepal [2] . It eats mainly grasses and remains close to water all the time [1] . Barasingha is listed as Vulnerable C1 because the estimated population lies between 3,500 and 5,100 animals (not all of which will be mature individuals), and outside several key populations the protection status is not secure. The species range is now highly fragmented, and the total area of occupancy (AOO) possibly falls below 2,000 km 2 . This species is reliant upon hands-on management in protected areas, and changes in management style could see a resumption of very rapid declines echoing those of the mid-twentieth century [3] .
Studies on the food habits of swamp deer have been carried out in different habitats by a number of researchers.
The earliest account available about forage species of swamp deer in Dudhwa was given by Schaller [1] . Later on, Singh [4] , Qureshi et al. [5] , and Khan and Ahmed [6] also studied the feeding habits of swamp deer in Dudhwa forest. Observations on food habits of barasingha in Kanha were made by Martin [7] . Swamp deer of Nepal were studied by Schaaf [8] , Moe [9] , Pokharel [10] , Bhatta [11] , and Wegge et al. [12] . Jhilmil Jheel happens to be the last refuge of swamp deer in western most portion of its distribution range [13] . The present study was undertaken with an aim to identify the plant species consumed by swamp deer and their feeding habits in different seasons. 
Materials and Methods

Methods.
Sampling sites in different habitats covering moist deciduous, secondary scrub, dry grassland, swamp, and cropland habitats, an area of 6 km 2 , were selected for the present study. Observation was done on foot. A year-round study was carried out for two years. Three methods were employed for studying food habits: (i) direct observation, (ii) quantification of feeding, and (iii) faecal analysis.
Direct Observation.
To study the food habits of swamp deer, a scan sampling method [15] was employed. Observations were made from selected vantage points in the area using a pair of 8 × 40 binoculars and 15 × 45 spotting scope. Since the animals were observed in groups, a scan was taken once in 15 minutes. Study time was for two years and was divided into four-month period corresponding to summer, monsoon, and winter. A total of 100 hours of observation per season were compared. The diurnal cycle was divided into 5 periods: (1) 0700-0900, (2) 0900-1100, (3) 1100-1300, (4) 1300-1500, and (5) 1500-1700 hours. The number of individuals and age-sex composition of groups of swamp deer were also recorded. Individuals in the group were classified into different age and sex classes following Martin [7] with appropriate modifications. Over 250 detections of swamp deer groups were made. Chi-square test was performed to see the variation in frequency distribution of different food plants selected among different age and sex categories and among seasons within categories.
Quantification of Feeding.
The feeding sites were examined, after the animal left the location, for plants with fresh feeding signs. Identification of plants in the field was done with the help of floras, research papers, and reports (e.g., [16] [17] [18] [19] [20] [21] ). Proportionate food consumption was estimated through feeding quadrat method [22, 23] . The plots (1 × 1 m for grass and herbs and 5 × 5 m for shrubs) were laid at random, and the number varied depending upon the size of the area used by the animal at the time of observation. The numbers of food species, the percentage cover of each species, and the phenology of available and utilized species were recorded. The principal food was worked out for grass, herb, and sedge, separately.
Faecal Analysis.
The method involves two major steps: first, the preparation of reference material of the food plant species; second, the microhistological examination of faecal material to estimate the frequency of fragments of various plant species [24] . Identification of plant fragments was based on keys given by Satakopan [25] and Johnson et al. [26] . The results were compared with field observations.
Results
Age and sex categories as a whole and across seasons showed no significant variation in feeding habits. Yearling and fawn showed significant differences in feeding habits across seasons ( 2 = 14.646, = 0.023 and 2 = 1.190, = 0.551, resp.). Swamp deer in Jhilmil was observed to feed on 42 species of plants belonging to 15 families. More than 75% of the food species were of the families Poaceae (16 species), Cyperaceae (5 species), Fabaceae (5 species), Asteraceae (4 species), and Typhaceae (2 species) (Table 1, Figure 2 ). Aerial parts, chiefly comprising leaves, were fed. Root stock of Typha spp. was fed throughout monsoon, while its fresh sprout was fed in winter and new leaves in summer. Percentage contribution of the food types, namely, grasses, aquatic flora, sedges, and herbs, to the overall diet and in individual seasons is presented in Figure 3 . A lesser number of food plant species were identified by faecal analysis, when compared to the direct observations. The reason was that monocot faecal fragments could not be differentiated to species level that's why named as similar species. While 13 plant species were identified from faecal fragments in summer, 8 in monsoon and 12 in winter.
Discussion
The variation in feeding habits of yearling and fawn categories across seasons was probably an outcome of low sampling intensity (fewer sightings [12] showed that swamp deer diet had a proportion of woody plants as well (12.5%). However, dominance of forage species and its distribution pattern in a certain locality have a great deal to do with its proportionate consumption [7] . At Jhilmil, the area also has equal presence of other plant types, namely, sedges and terrestrial herbs. This resulted in polyphagous feeding habit of the animals there (Table 2 ). Higher consumption for a particular food type showed seasonal variation. Swamp deer (mixed feeders though) commonly concentrated on grasses during highrainfall periods and high rate of grass growth. The proportion of terrestrial and aquatic herbs in diet increased gradually in winter and summer. Swamp deer showed shifts in their diet to specific part (root stock) of Typha spp. in monsoon for physiological requirement. This is presumed to be a way to supplement calcium intake [27] . In summer, there is an equal choice for both new leaves of Typha spp. and sedges. This can be attributed to their almost equal availability and palatability. In this study site, the overall principal diet of swamp deer consists of Typha spp. in contrast to Imperata cylindrica reported by all the authors in past. The reason is Typha's availability (in prime swamp deer habitat) and proportion area covered in comparison to those of Imperata grasslands.
Conclusion
The swamp deer is a mixed feeder, consuming a wide variety of food types, and diet composition may vary according to season and food availability. They are selective only in monsoon, the time of abundant food supply, and are nonselective or opportunistic feeders in summer when food is limited. Long-term survival and conservation of herbivores depend on the availability of suitable habitats; hence, protection of the plant species utilized by herbivores is a significant factor in conservation biology.
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